Description
Some Chilean fjords have experienced tidewater-glacier advance during the cool Little Ice Age, followed by retreat over the past century or so (Masiokas et al. 2009 ). In inner Iceberg Fjord the seafloor contains several sets of features (Dowdeswell & Vásquez 2013 ): a series of transverse ridges of varying height distributed across the fjord; a number of sub-parallel ridges orientated in the likely direction of past ice flow; and areas of flat, smooth sea floor (Fig. 1b) . The outermost transverse ridge is about 100 m high and is asymmetrical, with a steeper ice-distal face (Fig. 1b) ; a second large ridge is about 50 m in height. A further ten or so transverse ridges are smaller, at about 10 m high. Closer to the modern ice front, a series of sedimentary lineations up to about 0.5 km long trend first just north of west and then northward (labelled s in Fig. 1b) . The rest of the floor of inner Iceberg Fjord is predominantly flat and smooth (Fig. 1b) .
In inner Eyre Fjord, Pio XI Glacier, which is of surge-type, has undergone advances of up to 5 km during the 20 th Century (Masiokas et al. 2009 ). The sea floor beyond about a kilometre from the modern glacier terminus is largely flat, with a number of hummocks up to 14 m high together with short ridge segments, but otherwise shows few signs of an organised set of submarine landforms (Fig. 1c) . These rather chaotic positive-relief features give way to a smooth sea-floor down-fjord (Fig. 1c) .
In several Chilean fjords, large sedimentary ridges are present across fjord axes (Dowdeswell & Vásquez 2013) . In the 50 km-long Europa Fjord, a prominent ridge is located at the fjord mouth where it joins the 250 m-deeper Wide Fjord. Three other sedimentary ridges are spaced about 8 km apart in the inner half of the fjord (Fig. 1d) . Prominent sedimentary ridges of similar geometry are located where relatively shallow tributary fjords enter the 40-km long FarquaharBernardo Fjord system and in Ringdove Fjord (49°42'S), usually extending the full width of the fjord. On their steeper, outer-fjord slopes, small channels or chutes (up to a few hundred metres long and a few metres wide) are sometimes imaged, along with lobate features that appear to override fjord-floor sediments (Fig. 1d) .
Where glaciers from the Patagonian Ice Caps do not reach the sea today, braided rivers or sandurs link the glacial and marine sedimentary systems. For example, Occidental Glacier reaches outer Iceberg Fjord via an 11 km-long braided channel (Fig. 1e) , and a 2 km-long braid plain links Bernardo Glacier with the adjacent fjord (Fig. 1f) . Sediment delivery from these braided channels has built glacifluvial deltas 1.5 to 2 km wide into the fjords beyond (Fig. 1e, f) . Smaller fluvial catchments also have deltas at their marine margins that have built out into relatively deep fjord waters (Fig. 1g) .
Swath bathymetry of the large glacifluvial delta fronts images small submarine channels and narrow chutes which appear to organise into single major submarine channels on the fjord floors (Fi. 1e, f). The submarine channels continue for a number of kilometres along the flat floors of Iceberg and Bernardo fjords and into Messier Fjord (Fig.  2a, b) . The submarine channel in outer Iceberg Fjord is at least 15 km long, up to about 50 m deep, and with an average width of 275 m and that in Bernardo Fjord extends about 10 km, with a width and depth of about 100 m and 50 m, respectively.
Much of the Chilean fjord system, especially with increasing distance from tidewater-glacier margins, is devoid of major sedimentary landforms, with the exception of occasional streamlined features and pockmarks. Streamlined sea-floor lineations, orientated along-fjord, are observed in several areas (Dowdeswell & Vásquez 2013) ; some appear as streamlined bedrock protruding above the flat, sedimentary fjord floors. Sets of crater-like structures, numbering tens of individual features, are also observed on the floor of several Chilean fjords; median crater depth is between 3 and 5 m and median diameter is 40 to 60 m (Dowdeswell & Vásquez 2013 ).
Interpretation
The cross-fjord ridges observed in many Chilean fjords are interpreted as moraines produced at the former margins of tidewater glaciers. The largest ridge in inner Iceberg Fjord is a terminal moraine marking the outer limit of a Little Ice Age advance of Tempano Glacier (Fig. 1b) . Its steeper distal face is typical of moraines formed at the maximum neoglacial positions of many northern hemisphere tidewater glaciers (e.g. Ottesen & Dowdeswell 2009 ). The sets of smaller transverse ridges closer to the modern glacier terminus are very similar to those deposited during still-stands, or minor readvances, superimposed on more general glacier retreat in Svalbard fjords (e.g. Ottesen & Dowdeswell 2006) . The lineations trending first west and then north in the innermost part of Iceberg Fjord (Fig. 1b) are interpreted as streamlined sedimentary landforms produced beneath active glacier ice (Ottesen & Dowdeswell 2009) . They indicate that the tidewater glacier was grounded in the deepest parts of the inner fjord. They also suggest that ice flow included a northward component, perhaps occurring when ice had retreated from the area of transverse ridges to fill only the innermost fjord. The smooth and flat areas of the sea-floor, for example between the transverse moraine ridges (Fig. 1b) , are interpreted as sedimentary infill from the rainout of fine-grained debris transported away from the tidewater glacier as a turbid plume of suspended sediment (Powell 1990) .
Beyond Pio XI Glacier, in the 35 km-long Eyre Fjord (Fig. 1c) , the overall rather flat sea-floor observed proximal to the present ice front is most likely also a result of deposition of fine-grained material from turbid meltwater plumes. Isolated hummocks and ridges were probably formed during a previous surge of the glacier, given that deformed medial moraines on the glacier surface imply recent surge activity (Masiokas et al. 2009 ). The floor of Eyre Fjord, in common with many Chilean fjords (e.g. DaSilva et al. 1997; Boyd et al. 2008) , is largely smooth, with streamlined bedrock lineations and recessional-moraine ridges from ice-sheet retreat after the LGM occasionally protruding through a finegrained basin-fill (Dowdeswell & Vásquez 2013 ). This interpretation is confirmed by the presence of draping and ponded acoustically laminated sediments reported from a numbers of Chilean fjords (Fig.  2c) . DaSilva et al. (1997) noted that the inner fiords of central Chilean Patagonia contained 200-400 ms-thick acoustically laminated iceproximal sediments that relate, in part, to deglaciation from the LGM, augmented by continuing fine-grained sedimentation from turbid meltwater where Holocene tidewater glaciers and glacier-fed rivers are present at fjord heads. Similar processes can be inferred from a sub-bottom profile of Ainsworth Fjord in Tierra del Fuego (Boyd et al. 2008) . Holocene basin fill is of mainly weakly-laminated acoustic character with scattered chaotic facies inside a recessional moraine (Fig. 2c) . Radiocarbon dates suggest accumulation rates of up to a few tens of millimetres per year (Boyd et al 2008) . Crater-like features that break the smooth fjord floor in some areas are interpreted as pockmarks, probably produced from the escape of shallow gas from the underlying sediments. In addition, very few iceberg ploughmarks are observed on the relatively smooth floors of Chilean fjords. This is a result of relatively deep water combined with the calving of only small, irregular-shaped icebergs from tidewater glacier termini.
Large transverse ridges, found along and at the mouths of a number of Chilean fjords, are of similar dimensions to the terminal moraine in inner Iceberg Fjord (Fig. 1b) . They are interpreted as recessional moraines formed as grounded tidewater glaciers retreated through the Chilean fjords after the LGM. The ridges indicate former still-stand positions, probably on the order of decades. This interpretation is supported by the location of several moraine ridges at the mouths of fjords; likely pinning-points points where water deepens by tens to hundreds of metres immediately distal of the ridges.
Submarine channel systems (Fig. 2a, b) , formed beyond major glacifluvial deltas in Iceberg and Bernardo fjords (Fig. 1e, f) , are interpreted to be turbidity-current channels eroded by dense underflows (Syvitski et al. 1987) . These dense submarine currents probably formed when: (i) strongly seasonal meltwater flow delivered large quantities of coarse-grained sediment from the braid plain: and/or (ii) slope failures on glacifluvial delta fronts, areas of high and very variable rates of sediment delivery, translated downslope into turbidity currents. The delta-fronts appear from swath bathymetry to be dominated by down-slope sediment-transfer processes that produce channels and chutes (Fig. 1e, f) . At some other delta-fronts, with more lobate relief (Dowdeswell & Vásquez 2013) , mass-wasting processes in the form of sediment slumps and slides probably predominate.
Discussion: landform assemblage for Chilean fjords
The assemblage of glacial, glacifluvial and glacimarine landforms found in the fjords of Chile is summarised in the schematic model in Figure 3 . The three principal components of the landform-assemblage model for these relatively mild, meltwater-dominated fjords are (Dowdeswell & Vásquez 2013) :
(a) Moraine ridges, indicating still-stands during ice retreat down fjords (Figs. 1d, 3) , including the limit of recent Little Ice Age advance (Fig. 1b) . The ridges are orientated transverse to past iceflow, are asymmetrical with steeper ice-distal sides, and sometimes have debris-flow lobes on their ice-distal flanks. Smaller transversemoraines ridge, found inside Little Ice Age moraines, mark ice recession over approximately the last century (Fig. 1b) .
(b) Glacifluvial and fluvial deltas, formed through sedimentation from braided rivers from glaciated or fluvial catchments (Fig. 1e-g ). The deltas have small channels and chutes, and sometimes debris-flow lobes, on their submarine faces.
(c) Relatively deep, sinuous turbidity-current channels, often found within predominantly smooth fjord floors (Fig. 2a, b) .
Both glacifluvial and fluvial deltas, together with turbidity-current channels, are active sites of debris transfer today in the Chilean fjords. The glacial imprint in the landform-assemblage model, however, is often limited and related to recession from the LGM, except where tidewater glacier termini have advanced within the past few centuries (Figs. 1b-c) . Apart from these three landform-components, the floor of many Chilean fjords is mainly smooth, although bedrock ridges break through occasionally. Landforms that are not sustained by contemporary processes are likely to be buried by relatively rapid fine-grained sedimentation from meltwater plumes (Fig. 2c) , and, in progressively more ice-distal settings, by Holocene marine or pelagic sediments (Fig. 2d) (Fernández et al. 2013) .
Subglacial and ice-contact landforms, similar to those imaged in Arctic and Antarctic fjords and shelves, are likely to have developed at the base and margins of Chilean glaciers under full-glacial and deglacial conditions (Dowdeswell & Vásquez 2013) ; they can be identified in fjord acoustic stratigraphy (Fig. 3) . High rates of snowaccumulation and ice-surface melting on Chilean glaciers led, however, to rapid meltwater and fine-grained sediment delivery to the fjords from tidewater glaciers and glacifluvial sources subsequent to deglaciation. Most pre-existing glacial landforms on the fjord floor, with the exception of major retreat moraines (Fig. 1b, d ) and protruding streamlined bedrock, are largely buried and obscured by this subsequent glacimarine and glacifluvial sediment delivery (Figs.  2c, 3) ; it is predominantly submarine landforms that remain in an active process-environment today, such as turbidity-current channels and those relating to neoglacial ice advance, which are observed on our swath-bathymetric imagery (Fig. 2a, b) .
The fjords of Chile represent an environmental setting similar to the high mass-throughput glacial system of SE Alaska in the northern hemisphere, where sedimentation rates in fjords are also very high (Powell 1990 ). In progressively colder polar settings, ice-surface melting is reduced, slowing the rate of sediment delivery to fjords. Here, subglacial landforms produced during the LGM and subsequent deglaciation can still be observed in swath-bathymetric imagery because they remain at or just below the modern sea floor.
